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Publication of the main European pressure 
equipment standards in May 2002 coincided with the 
end of the transition period for introduction of the 
Pressure Equipment Directive.  This comprehensive 
series of standards, replacing the many former 
national standards in Europe, extends to some 300 
standards and another 600 supporting standards. 
 
Completing the program and further developing 
these standards continues to involve extensive 
collaborative effort, selecting the best practices from 
the enlarged European Union and elsewhere in the 
world. Account is being taken of technical and 
commercial considerations, design by analysis 
techniques, and best practices in permanent joining, 
non-destructive testing and materials manufacture.  
In addition, research work has been carried out to 
justify or confirm radical approaches to the entire 
process of design, manufacture, installation and 
operation of pressure equipment. 
 
This paper updates the further progress with some of 
the standards, in particular in relation to the use of 
aluminium and cast iron materials in pressure 
vessels, test pressures, further developments in the 
use of design techniques, and aspects of creep 
design.  Mention is also made of the ways in which 
practical experience is being fed back into the 
standards-making processes to ensure that economic 
aspects continue to be balanced with safety 
considerations within an overall structured 
intellectual framework. 1
From: https://proceedings.asmedigitalcollection.asme.org on 06/30/2019 Terms of 
INTRODUCTION 
 
The European Union comprises 25 Member States.  
CEN, the European Committee for Standardisation, 
comprises 28 national members, and the 
representative expertise assembled from each 
country, eight associates; two counsellors, six 
affiliates, partner standardisation bodies and the 
CEN Management Centre in Brussels. 
 
CEN operates in some 20 sectors from Aerospace to 
Utilities and Energy with 10300 current deliverables.   
Some 30 % of the 9600 European Standards (EN’s) 
are identical to ISO standards.  4500 documents are 
being prepared.   The pressure equipment sector 
includes product standards (e.g. shell and water-tube 
boilers, pressure vessels, industrial piping) and 
horizontal standards (e.g. non-destructive testing, 
welding).  The efforts of more than 30 technical 
committees has led to publication of 200 out of a 
program of 300 harmonized EN and EN ISO 
documents.  In addition there are some 600 
supporting standards for pressure equipment. 
 
Priorities were agreed so that the major product 
standards could be published to coincide with the 
entry into force of the European Pressure Equipment 
Directive 97/23/EC (“PED”) in May 2002, bringing 
together the previous national arrangements for 
pressure equipment.  In the subsequent four years 
work continues to extend and complete the series as 
envisaged, and amend some relatively minor areas 
where improvements are considered necessary.  1 








Copyright © 2006 by ASME
 Use: http://www.asme.org/about-asme/terms-of-use
Downloa 
Help Desks for the three main product series, 
pressure vessels, shell and water-tube boilers, and 
industrial piping identify and resolve the questions 
raised by users of the standards.  The questions 
range from editorial matters sometimes associated 
with difficulties in translation in the three working 
languages of the European Union, through areas 
requiring clarification to matters requiring technical 
consideration by the authors.  The website addresses 
of the help desks are listed as references. 
 
The main further work in the pressure vessels 
standards (EN 13445 series) is the part for 
aluminium vessels, work on cast iron vessels, and 
creep, design by analysis, design by experiment, 
stays, non-circular openings etc.  The standards for 
shell and water-tube boilers (EN 12953 and 12952 
series) are substantially complete with parts for 
control systems and operating instructions at a very 
advanced stage.  The industrial piping standards (EN 
13480 series) are also substantially complete except 
for the imminent part with additional requirements 
for aluminium and aluminium alloy piping.  
 
This paper deals with the work on unfired pressure 
vessel standards in the form of additional parts for 
the main series or additions to the parts already 
published, and some areas where supplementary 
work is on-going.  The paper is written to describe 
on-going work, some of which will develop or 
change through the public enquiry and formal vote 
process.  The statements in this paper cannot 





CEN – European Committee for Standardization 
DBA – Design by analysis 
DBF – Design by formula 
EAM – European approval for materials  
EN – European standard 
EPERC - European Pressure Equipment Research 
Council 
ISO International Organisation for Standardisation 
NDT – Non-destructive testing 
PED – Pressure Equipment Directive  97/23/EC 
PWHT – Post weld heat treatment 
TC – Technical Committee 2
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An overview of some of the changes in the pressure 
vessels standards can be gained from the planned 
revision to the general part of the unfired pressure 
vessels standard EN 13445-1:2002. 
 
The general part of the unfired pressure vessels 
standard EN 13445-1 is being amended to give 
greater details of the features and limitations of the 
series. The amendment will contain a new annex to 
give a general overview of the requirements of the 
standards in the series. The annex will give guidance 
on where to find requirements in the series. It will 
also advise on where to find externally published 
references like European approvals for materials and 
give interpretation guidelines.   
 
The annex will be structured along the steps in 
producing an unfired pressure vessel which do not 
necessarily follow the order of the parts of the 
standard and describe in an easy-to-understand 
language the key points of every step with references 
to the applicable clauses in the different parts: 
  
Prerequisites  




The three alternatives: harmonized materials, EAM, 
Particular Materials Appraisals; methods to prevent 
brittle fracture; material grouping. 
  
Design 
Design alternatives, DBF, DBA, fatigue design; 




Mandatory and recommended tolerances, hot and 
cold forming and possible heat treatment, permanent 
joining (Weld Procedure Specification, Weld 
Procedure Qualification or Approval Record, and 
welder qualification) and PWHT. 
  
Inspection 
Documentation, non-destructive testing, assessment, 
marking and records. 
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Principle of superposition, materials, design, 
prohibition of welding, production tests, marking, 
testing and final assessment. 
 
 
EN 13445: CREEP 
 
The present edition of the standard applies to steel 
pressure vessels with maximum allowable 
temperatures for which creep effects need not be 
considered. i.e. the methodology for design of 
vessels operating at high temperature was not 
considered in the original version.  A series of 
amendments is addressing this, providing 
requirements for materials, and welds, design by 
formula, design by analysis, manufacturing, 
inspection and testing.   
 
A specific Task Group was set up within CEN/TC 
54 to address this subject.  TC 54 also supports the 
associated prenormative research considered 
essential to this subject. 
 
Advantages from these amendments include 
increasing relevance to the needs of chemical and 
petrochemical industries where processes now 
operate with higher pressures and higher 
temperatures. 
 
This affects several parts of EN 13445.  The changes 
affecting Part 3 (design) are summarised here. 
 
A new clause concerning Design by Formula 
supplements earlier clauses of this Part 3.  It deals 
with: derivation of creep quantities (interpolation 
and extrapolation) and nominal design stress; current 
and reduced safety factors (when monitoring is 
provided in-service); weld creep strength reduction 
factor and weld joint efficiency factor; single and 
multiple load cases (design procedure based on 
cumulative damage). 
 
The annex B which deals with Design by Analysis – 
Direct Route is being extended to the creep range, 
dealing with creep design checks related to creep 
rupture, excessive creep strain, and creep and cyclic 
fatigue. 
 
The method in annex C which deals with DBA is 
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loadings and will include design checks for single 
and multiple loadings. 
 
In-service monitoring will be included. 
 
New annexes will be added for the Larson – Miller 
parameter for steels of EN 10028-2, interpolation 
and extrapolation methods, and weld creep strength 
factor determination by tests.  
 
These amendments therefore offer both DBA and 
DBF, and enhance design competitiveness through 
features such as the weld creep strength reduction 
factor and use of monitoring. 
 
 
EN 13445: DESIGN by ANALYSIS  
 
The present edition of the standard does not contain 
specific provisions for materials, fabrication, 
inspection and testing of vessels designed using 
DBA according to annex B of EN 13445-3.  One of 
the overall objectives was to achieve economical and 
safe pressure vessels with the reduced safety factors  
that are possible from use of DBA.  
 
A specific Task Group was set up within CEN/TC 
54 to address this subject, gathering experts having 
different domains of expertise and to include results 
of research work.   
 
The amendments address the use of modern steels 
for the construction of pressure vessels, taking into 
account the favourable metallurgical characteristics 
of these steels. Special attention is paid to prevention 
of the fatigue damage.   These developments in the 
use of DBA amend Parts 1 to 5 of EN 13445, 
summarised as follows:  
 
Part 2: Materials  
- Introduction of steels of EN 10028 grades P420M, 
P460M and P690Q; 
- Additional requirement for material certification 
according to yield strength and on thickness 
reduction from slab or ingot to plate; 
- Requirements for prevention of brittle fracture: 
extension of the range of applicability of the 
simplified method up to 690 MPa yield strength, 
using results of the ECOPRESS project. 
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- Additional requirements on the design of weld 
details and revision of fatigue design check 
requirements. 
 
Part 4: Fabrication 
- Revision of manufacturing tolerances;  
- Additional requirements for coupon tests and for 
forming of pressure parts;  
- Extension of exemption of PWHT for steels with 
low carbon content. 
 
Part 5: Inspection and testing 
- Additional requirements for NDT; qualification of 
a competent “independent body” and criteria for 
qualification of in-house experience. 
 
 
OTHER AMENDMENTS IN EN 13445-3, 
(DESIGN)  
 
Static design by experimental methods 
For certain combinations of volume and pressure, 
design by experimental methods is an alternative to 
DBA and DBF.  Design by experimental methods 
usually comprises bursting and/or strain gauge 
testing.   
 
Although design by experiment is mentioned in the 
PED (with a limitation for pressure vessels of PS x 
V = 6000 bar x litre) this subject has not yet been 
included in the standard.  This method is commonly 
used for many small pressure vessels of particular 
shape (e.g. series fabricated vessels) which are at 
present designed according to other standards.  The 
new method will be based on higher nominal design 
stresses and will be less conservative than some 
other codes. 
 
An application of the concept is to validate the 
design of vessels or vessel parts by experimental 
methods when the strength cannot be determined by 
DBF or DBA with satisfactory assurance of 
accuracy.  Experimental methods are based on a 
burst test complemented, if necessary, by other tests. 
The design is characterised by the determination of 
the maximum allowable pressure PS of the vessel or 
of the vessel part.  The methods apply to maximum 
allowable temperatures for which creep effects need 4
4
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Design by formula (alternative design factor) 
DBF considering a reduced safety factor on tensile 
strength in order to reduce thicknesses (the so called 
Alternative Route), applies particularly for high 
pressure and/or large dimension vessels.  
Advantages from this weight reduction are cost 
savings in materials, and fabrication and transport. 
 
The method will consider the possibility of 
increasing the nominal design stress (by reducing the 
actual safety factor of 2.4 on the tensile strength) 
when particular conditions on design, material 
requirements and testing are met. This possibility 
will result in a wider use of EN 13445-3 with high 
yield strength fine grained steels or cases where 
safety factors of 3 or 3.5 on tensile strength are 
applied. 
 
The main changes in this amendment are the 
addition of a new table of maximum allowed values 
of the nominal design stress for pressure parts other 
than bolts and a new section describing an 
alternative route for steels with a minimum rupture 
elongation below 30 % which allows the use of 
higher nominal design stress if conditions are met. 
 
Reinforced and toroidal bellows 
The present version of the standard only considers 
bellows having flat walls.  This amendment will 
consider reinforced and toroidal bellows in fixed 
tubesheet heat exchangers, as these bellows can 
withstand higher pressures in the shell, with a lower 
safety factor incorporated in the design fatigue 
curve.   
 
Consistency is being maintained with another 
CEN/TC dealing with bellows in a wider context. 
 
Design method for openings and for flat ends 
where fatigue is not the controlling factor  
These amendments will distinguish between fatigue 
and non-fatigue situations, in order that certain 
conservative limitations contained in the present 
versions can probably be waived for cases, 
particularly where fatigue is not the controlling 
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heat exchangers, tanks. 
 
Various sub-clauses of section 9 are being amended 
in relation to design of openings and reinforcement. 
The changes deal with openings with reinforcing 
plates and in dished ends, limitations on thickness 
for nozzles, distance between a nozzle and a shell 
butt-weld, limitations and reinforcement rules for 
isolated openings,  openings in cylindrical, conical 
and spherical shells, and dished ends. 
 
The section of this standard dealing with design of 
flat ends is replaced.  The amended version specifies 
methods for determining the thickness of circular 
and non-circular unstayed flat ends under pressure, 
and for providing adequate reinforcement for 
openings fitted in such ends. Loads other than 
pressure are not considered.  Stayed plates, i.e. plates 
supported by braces, stay bars or stay tubes, are not 
considered but stayed plates may be calculated using 
the formulae and methods of EN 12953 with the 
nominal design stresses of this standard. 
 
Design method for openings in non circular 
(rectangular, elliptical, obround) flat ends.  
Non-circular openings (for example in centrifugal 
separators of evaporation, concentration and 
crystallisation plants) and openings in non circular 
walls are present in a wide range of vessels, (for 
example sterilisation autoclaves).  Since certain 
codes which address this situation are considered too 
conservative and the present version of this standard 
is limited, amendments will improve the economics 
of the design.  
 
Flat walls supported by stays, stay tubes and 
other reinforcing elements  
Many pressure vessels of non circular shape are 
made up by stayed walls.  The present version of this 
standard considers only unstayed flat walls.   Flat 
walls may be reinforced either by stays and 
staybolts, which are intended to take a fraction of the 
pressure load acting on the wall (Stayed Flat Walls), 
or by stiffeners welded to the walls in order to 
increase their section modulus and their moment of 
inertia (Stiffened Flat Walls).  This amendment 
introduces design rules for reinforced flat walls.  
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flange connections requirements for pressure-
bearing welds   
This annex provides an alternative calculation 
method for bolted, gasketed circular flange joints.  
Its purpose is to ensure structural integrity and leak 
tightness for an assembly comprising two flanges, 
bolts and a gasket. 
 
It was based on EN 1591-1.  Further changes are 
made to include test results for gaskets and to reflect 
requirements of users. 
 
 
EN 13445-8 (ALUMINIUM) 
 
Recognising the significance of aluminium pressure 
vessels used in cryogenic air separation equipment, 
electrical switchgear containment, cryogenic 
transport and storage vessels, and as an integral part 
of many key industrial processes, this part of the EN 
13445 series provides additional rules for design, 
materials, manufacturing, inspection and testing of 
aluminium and aluminium alloys vessels subject to 
loadings up to 500 full cycles.   
 
It specifies technical requirements and test methods 
for unfired pressure vessels made of aluminium and 
aluminium alloys. The existing parts of EN 13445 
were written specifically to address the requirements 
of steel and although many of the basic requirements 
in design remain unchanged, requirements related to 
materials, manufacturing and testing are addressed 
because of differences in the characteristics of 
aluminium. 
 
Since the properties of aluminium and its alloys 
differ from those of ferrous metals, other technical 
requirements apply, including those related to the 
inherent ductile behaviour of aluminium and its lack 
of ductile/brittle transition, and the weldability or 
otherwise of certain aluminium alloys. 
 
In addition, the PED has specific Essential Safety 
Requirements related to the general membrane 
stresses for aluminium and its alloys,  
 
Current European (EN.ISO) standards for welding 
procedures, qualification of welders and welding 
operators differ from those called up in the other 
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different requirements apply to joint preparations, 
pre-heat, the lack of need for PWHT, forming 
procedures, production control test plates, etc. are 
addressed specifically for the various aluminium 
alloys. 
 
Specific NDT and testing techniques (radiography, 
ultrasonic and penetrant testing) apply to welded 
joints in aluminium vessels. Furthermore, specific 
hydrostatic and pneumatic testing procedures are 
necessary to confirm the suitability of the product. 
 
 
CAST IRON EN 13445-6:2002 
 
One amendment provides a methodology for 
determining the lifetime of spheroidal graphite cast 
iron under pulsating loads. 
 
As a result of further fatigue investigations, in 
parallel with the full pressure cycle number of 500 
for welded steels, nodular cast iron has an 
equivalency of 200,000 cycles before being 
considered as dynamic loaded because of overall 
better properties to fatigue. 
 
To make pressure assemblies more competitive in 
casting several components another amendment 
provides "how to" solution to the manufacturer for 
items not shown in existing cast iron standards for 
pressure vessels.  It adds austenitic materials and 




MATERIALS EN 13445-2:2002  
 
The first of these amendments deletes the limitation 
for DBA from the scope.  It adds a further alternative 
method for establishing criteria for the avoidance of 
low temperature brittle fracture of metallic materials, 
developed from the principle of fracture mechanics 
and from operating experiences applicable to ferritic 
steels with a specified minimum yield strength ≤ 690 
MPa and to duplex steels. 
 
When EN 13445-2 was first published, not all steels 
were harmonized European standards. Currently 
annex A provides all materials that are listed in 
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referenced technical delivery conditions. It currently 
helps the designer to find a grade of steel.  Annex A 
will be modified to include all grades of steel 
contained in harmonized materials standards, adding 
seamless tube grades.  Fittings, flanges and valve 
bodies will be removed since these parts are not 
materials but components made from materials.  
 
Annex B will be modified to include a test method 
dealing with steel selection and impact requirements 
for the prevention of brittle fracture for high strength 
and duplex steels grades, to be used in conjunction 
with DBA.  This will reduce existing restrictions for 
the use of high strength and duplex steels, utilising 
European research results from the ECOPRESS 
project.  
 
Recognising the economics of the previous level of 
testing, amendments are also being made in the 
section dealing with production test plates.  
 
 
FABRICATION, INSPECTION AND 
TESTING EN 13445 Parts 4 and 5 
 
For Part 4 of the standard, the first of these 
amendments extends the scope as applicable to 
vessels and vessel parts working in the creep range.  
It also changes the minimum offset (“stagger”) for 
vessels made in more than one course.  The second 
amendment relates mainly to Thermo-mechanically 
processed and Quenched and tempered steels. 
 
It is important to have a procedure for determination 
of the proof test pressure which conforms with the 
PED requirement for an equivalent level of safety 
when the test pressure has to be reduced on account 
of a weak component and to determine additional 
requirements. (Note “proof testing” is non-
destructive and differs from destructive burst 
testing”). 
 
The simplest of the three cases is where the 
determination of the test pressure is based on the 
maximum allowable pressure and the maximum 
allowable temperature of the vessel.  The next more 
complex case requires a local approach and the 
iterative determination of the test pressure based on 
the test pressure of the components of the main  
Copyright © 2006 by ASME
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must be reduced on account of the stress limits given 
in EN 13445 - 3 additional measures are required to 
obtain an equivalent level of safety.  Part 5 is being 
amended to take account of these considerations. 
 
Many pressure vessels of small diameter and volume 
have longitudinal welds which are single run 
welding from one side or both sides.  This approach 
is competitive if applied properly and appropriate 
testing is used.  The amendment addresses partial 
non-destructive testing and proposes two 
possibilities: either more NDT or the same NDT, but 
with a proof test at a higher test pressure than the 
standard test pressure.  A further amendment relates 
mainly to NDT of welded joints stating that only 
testing group 1 is to be used where vessels and 





Publication of the EN 13445 series of standards to 
coincide with the full entry into force of the 
European Pressure Equipment Directive in May 
2002 was a significant achievement.  The EN 13445 
series of standards continues to evolve, extending 
the existing parts, adding further refinements taking 
advantage of modern approaches in materials 
manufacture, control of welding and non-destructive 
testing, and adding further materials.  In some cases 
higher allowable stresses have been justified without 
compromise to safety, but with economic advantage 
through reduced weights through the use of thinner 
materials. 
 
CEN/TC 54 continues to be active and proposes new 
work items as the need arises.  The critique process, 
utilising ISO/DIS 16528 as an analysis tool 
identifies areas for further development in EN 
13445.  The five-year review process will also 






The author wishes to express his appreciation to 
present colleagues including the Sector Rapporteur aded From: https://proceedings.asmedigitalcollection.asme.org on 06/30/2019 Terms oand members of the Pressure Equipment Advisory 
Nucleus, CEN in Brussels and CEN TCs, ECISS 
TCs, their Working Groups and sub-groups, the 
National Standards Bodies, participants at the 
Working Group Pressure, Working Party Guidelines 
and Working Party Materials, and former colleagues 
in Notified Bodies.   Nevertheless, the views 
expressed are those of the author as an independent 
person and do not necessarily reflect those of any 
organisation or of any sector.  All data and 
references to standards in this paper must be checked 
with published sources.  Attention is again drawn to 
the statement in the introduction that the paper is 
written to describe on-going work, some of which 
will develop or change through the public enquiry 
and formal vote processes.  The statements in this 





PED (97/23/EC)   
The European Pressure Equipment Directive  
{Directive 97/23/EC of the European Parliament and 
of the Council of 29 May 1997 on the approximation 
of the laws of the Member States concerning 
pressure equipment (OJ No L 181 of 1997-07-09)}  
can be consulted with associated guidelines and 





The CEN website is www.cenorm.be 
 
ECOPRESS  
Economical and safe design of pressure vessels 
applying new modern steels,  
A Technical Task Force activity carried out by 
EPERC TTF2 High Strength Steels Task force as a 
5th European Framework project, finished 12/2002. 
 
EPERC 
The European Pressure Equipment Research 
Council website is http://www.eperc.bam.de 
 
EN 1591-1: 2001  
Flanges and their joints - Design rules for gasketed 
circular flange connections - Part 1: Calculation 
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European Standard EN 12952 concerning water-tube 
boilers and auxiliary installations consists of the 
following parts: 
 
Part 1: General 
Part 2: Materials for pressure parts of boilers and 
accessories 
Part 3: Design and calculation for pressure parts 
Part 4: In-service boiler life expectancy calculations 
Part 5: Workmanship and construction of pressure 
parts of the boiler 
Part 6: Inspecting during construction, documentation 
and marking of pressure parts of the boiler 
Part 7: Requirements for equipment for the boiler 
Part 8: Requirements for firing systems for liquid and 
gaseous fuels for the boiler 
Part 9: Requirements for firing systems for pulverized 
solid fuels for the boiler 
Part 10: Requirements for safeguards against 
excessive pressure 
Part 11: Requirements for limiting devices, and safety 
circuits of the boiler and accessories 
Part 12: Requirements for boiler feedwater and boiler 
water quality 
Part 13: Requirements for flue gas cleaning systems 
Part 14: Requirements for flue gas DENOX-systems 
Part 15: Acceptance tests 
Part 16: Requirements for grate and fluidized bed firing 
systems for solid fuels for the boiler 
 
EN 12953-n: 2002 
European Standard EN 12953 concerning shell boilers 
consists of the following parts: 
Part 1: General 
Part 2: Materials for pressure parts of boilers and 
accessories 
Part 3: Design and calculation for pressure parts 
Part 4: Workmanship and construction of pressure 
parts of the boiler 
Part 5: Inspection during construction, 
documentation and marking of pressure parts of the 
boiler 
Part 6: Requirements for equipment for the boiler 
Part 7: Requirements for firing systems for liquid and 
gaseous fuels for the boiler 
Part 8: Requirements for safeguards against 
excessive pressure 
Part 9: Requirements for limiting devices of the 
boiler and accessories 
Part 10: Requirements for boiler feedwater and 
boiler water quality 
Part 11: Acceptance tests 
Part 12: Requirements for firing systems for solid 
fuels for the boiler 
Part 13: Operating instructions aded From: https://proceedings.asmedigitalcollection.asme.org on 06/30/2019 Terms o8 
 
CR 12953-14, Shell boilers - Guideline for the 
involvement of an inspection body independent of 
the manufacturer. 
 
EN 13445–n: 2002 
European Standard EN 13445 concerning “Unfired 
pressure vessels” comprises the following Parts: 
Part 1: General 
Part 2: Materials 
Part 3: Design 
Part 4: Fabrication 
Part 5: Inspection and testing 
Part 6: Requirements for the design and fabrication 
of pressure vessels and pressure parts constructed 
from spheroidal graphite cast iron 
CR 13445-7, Unfired pressure vessels - Part 7: 
Guidance on the use of conformity assessment 
procedures. 
Part 8: Additional requirements for pressure vessels of 
aluminium and aluminium alloys 
 
EN 13480-n: 2002 
European Standard EN 13480 for metallic industrial 
piping consists of seven interdependent and not 
dissociable Parts which are: 
Part 1: General 
Part 2: Materials 
Part 3: Design and calculation 
Part 4: Fabrication and installation 
Part 5: Inspection and testing 
Part 6: Additional requirements for buried piping 
CEN/TR 13480-7, Guidance on the use of 
conformity assessment procedures 
Part 8: Additional requirements for aluminium and 
aluminium alloy piping 
 
ISO/DIS 16528-2:2005 
Boilers and pressure vessels — Part 2: Procedures 
fulfilling the requirements of ISO 16528-1:2005 
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